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Abstract 
Maintainability and serviceability are the most important factors which influence the delivery of Product Service Systems (PSS). 
To enhance the maintainability and serviceability for collaborative service in the context of PSS, a decision-making method for 
the delivery management of PSS is urgent needed both in practical and theoretical aspects. This study proposed a method to solve 
a collaborative service decision-making problem for the delivery management of PSS and to assess its performance. Several 
service stations with specific service area are supposed to satisfy the collection of service requirements from several customers in 
the joint area collaboratively by sharing vehicle fleets, service workers, and so on. A mathematical model was built with 
constraints of technician number, skill, time windows, maximum driving distance for the vehicles, and collaborative service 
options. A hybrid algorithm of PSO (Particle Swarm Optimization) and GA (Genetic Algorithm) is given to solve this practical 
large-scale problem. An empirical study of agricultural machinery maintenance clearly demonstrated that the proposed methods 
are effective and the algorithms can provide reasonable solutions within an acceptable computational time. Moreover, by 
comparing the total cost of the independent service mode with the collaborative mode, we concluded that the collaborative 
service total cost outperforms the non-cooperative one. Undoubtedly, our method is quite effective and can be used to improve 
the performance of collaborative service decision-making for the delivery management of PSS. 
© 2015 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the International Scientific Committee of the Conference is co-chaired by Prof. Daniel Brissaud & Prof. 
Xavier BOUCHER. 
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1. Introduction 
PSS (Product-Service System) has been attracting 
attentions of global manufacturers for several years with the 
trend of translation from traditional manufacturing towards 
servitisation of manufacturing [1]. Delivery management is 
becoming the most critical phase in PSS lifecycle to satisfy 
customers’ increasing service demands. Moreover, it is 
customer service experience that has great influence on 
consumers’ purchasing decisions, especially for machinery 
and equipment industry [2]. However, the performance of 
current service delivery is not so satisfactory. There are two 
main reasons for this phenomenon. One is the existence of so 
many uncertainty factors in actual situations during the 
service delivery [3], and another one is the lack of a well-
performed strategy in the process of service delivery for PSS. 
Therefore, there is an urgent need for a strong and effective 
decision-making method in the process of delivery for PSS to 
improve the delivery performance. 
One of the most widely used delivery strategies is the 
independent strategy in service delivery. Depending on the 
geographical location of customers and the on-time delivery 
rate, it might be more effective to run intermediate service 
stations for manufacturers [4]. Usually, the service stations 
have their own responsible customers and service resources. 
In this context, decisions of service delivery are based on the 
fixed customers and service resources owned to a service 
station. Considering the constraints of technicians’ number of 
every station, technicians’ skill, time windows, maximum 
driving distance for service vehicles, and collaborative service 
option and so on, the station attempts to satisfy its customers 
within its own resources independently. However, there will 
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always appear such phenomenon that service vehicles or 
technicians of service station A are running around service 
demand point belonging to service station B when they in the 
process of service delivery. What’s more, those technicians or 
vehicles usually have enough ability to provide service to the 
demand point belonging to B without affecting their own 
normal work while A is occupied by a variety of tasks at this 
time. Therefore, in this case independent strategy for service 
delivery cannot make optimal decisions for service stations 
and will lead to a significant waste of resources. Fortunately, 
collaborative service mode as a new emerging delivery style 
is able to provide effective solutions to this problem. In this 
paper, we deal with the collaborative service mode in the 
service delivery of PSS. Under the mode of collaborative 
strategy, several service stations have their own resources and 
customers within their service area. They are supposed to 
satisfy the collection of service requirements from several 
customers in the joint area collaboratively by sharing vehicle 
fleets, technicians and so on. At the same time, they also need 
to optimize the total cost of collaborative service.  
Such issues mentioned above are rarely studied in the 
literature. To the best of our knowledge, Shang and Cuff [5] 
and Ralf Sprenger [4] developed some valuable researches on 
similar problems. Most of the early studies on this problem 
were primarily focused on an independent strategy. 
Furthermore, as for the problem we address in this paper, 
researchers always viewed it as a typical scheduling problem 
just like the well-known problem VRP(Vehicle routing 
problem) and ignored the importance of skill match for the 
technicians. But there are some literatures on logistics [6, 7] 
and field service scheduling problems [8] that covers some 
specifics of our problem. 
In this paper, a hybrid particle swarm optimization with 
genetic algorithm was proposed to solve the problem. We 
argued the algorithm details with the parameters used in the 
process of resolving the problems. This study demonstrates 
the different experimental results under collaborative and non-
collaborative service strategy. In addition, we discuss the 
performance of those two different service delivery modes 
and draw a conclusion. 
The rest of this paper is structured as follows. Section 2 is 
the review of related literatures. In section 3, we describe the 
problem and summarize those related notions. Section 4 
presents an exact mathematical model for the independent and 
collaborative strategy in the process of service delivery. 
What’s more, we introduce the proposed hybrid PSO-GA 
method to solve the problem at the same time. A case study is 
shown in section 5 and the experiment results and discussions 
are presented. Finally, the conclusion is stated in section 6. 
2. Literature review 
Recent years have witnessed a remarkable change in 
production. It is to a great extent influenced by advances in 
research and practice that have steadily moved companies 
from traditional product-focused operations towards global 
service-oriented operations. The manufacturing industries 
have realized that it is not enough to sell just a product to 
improve profitability; the real impact on profitability comes 
from exploiting downstream opportunities [9] by providing 
the customers with access to newer business models like PSS 
[10]. A number of publications address Industrial Product-
Service-Systems. According to Mont [11] and Meier [12], 
Industrial Product-Service System is an efficient approach for 
higher revenues and stronger competitiveness. PSS is a socio-
technical system and is consisted of several different phases 
(planning, development, implementation, operation and 
closure). Of all those phases, operation has drawn the most 
attention from researchers for natures of highly complexity 
and dynamic [13, 14] where service delivery takes place. The 
main problems during the service delivery process in PSS are 
resources allocation [14, 15] and routing planning. Decision 
makers need to consider timeframes of availability for service, 
the PSS product share and the skill of human resources. 
Research papers are mainly focused on practical applications 
of methods about staffing and scheduling problems in a 
variety of service industries, for example, aircraft 
maintenance planning [16], telecommunications network [17], 
and so on. Moreover, intense competition in markets is 
pushing companies to improve their service delivery 
efficiency. Collaboration is a new mode which can fulfil the 
requirements as well as get higher profit. Related works have 
been done a lot in logistics [7, 18] but rarely discussed in PSS. 
Besides, although a lot of work has been carried out, the 
constraints we mentioned above have not been considered 
concurrently. Thus, there is an urgent need for a profitable 
collaborative decision-making method in PSS delivery 
process.  
    In this paper, we present a method for collaborative service 
delivery in PSS environment and attempt to solve the problem 
addressed in this paper.  
3. Problem statement 
In this paper, we consider a real-world situation where 
several service stations belonging to the same manufacturer 
collaborate by jointly using their technicians and vehicles to 
reduce service delivery costs as well as improve the on-time 
delivery rate. It is founded in China’s agricultural equipment 
manufacturing where service delivery problems are serious 
and urgent to be dealt with. 
Agricultural equipment manufacturing enterprises provide 
free components and maintenance service to customers who 
have bought their equipment. In consideration of the wide 
geographical distribution of service demand points, usually a 
manufacturer will set several intermediate service stations and 
make them in charge of the specific service delivery process. 
To clarify the duty, every station is responsible for one 
agriculture area within given service resources independently. 
However, can be found by observing, this kind of setting 
often leads to a waste of resources also eventually result in 
lower customer satisfaction. Therefore we advocate a new 
collaborative service delivery mode among the service 
stations in this paper aiming to pursuit the goal of lower 
service cost and higher customer satisfaction. 
We study a service network that consists of several 
intermediate service stations  א  , customers  א   and 
technicians  א  .When a collaborative strategy deployed, 
technicians  provide service to those tasks belonging to other 
service stations but should make sure that this collaboration 
will not impact on their own work. All service stations are 
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able to deliver service to customers. Each customer 
corresponds to one maintenance task. Every station owns a 
given number of technicians with different skill levels  א ୫୧  
and each customer has a demand for maintenance service 
level  א ୫୧  for technicians. And only those technicians with 
higher skill level than required are permitted to provide 
service to the customers. ୫  denotes a set of technicians 
belonging to service station m ,for k Ԗ  and  א  . Each 
task א  is estimated to take ୫୧  amount of time to process 
with respect to the fault type .Besides, task i needs to be 
started and finished within a pre-specified time 
windowሾ୫୧ ǡ ୫୧ ሿ. Let imt  represent the maintenance start time 
of task i for  א  and iא .The speed of vehicles is v and 
unit mileage cost is Z . Let ୫୧୩  be a binary variable indicating 
whether task i is performed by technician k, for iא ǡ  א
 א  . Also let ୧୨୫୩  be a binary variable indicating 
whether task j is performed immediately after task i by 
technician k that belonging to service station m, for i, 
jא ǡ  א  א . We use ୧୨  to denote the amount of 
travel time from the location of task i to task j for i, jא  and it 
is calculated by ୧୨/v. Here ୧୨is the distance from task i to 
task j for i, jא . We should consider all the upper conditions 
and make a decision to assign tasks as well as optimize 
maintenance routes for technicians to reduce the service cost 
eventually.  
Focusing on the quantity of technicians, if we only send 
one technician to perform maintenance task it can reduce the 
service delivery cost to a certain extent. On the contrary, it 
will lose the timeliness of maintenance which will lead to a 
reduction in customer satisfaction. However, if we send 
excessive amounts of maintenance resources especially for 
technicians, it may increase the mileage cost although it will 
meet customers’ need excellently. Moreover, it will cause the 
loss of mobility of service stations especially in real-time 
environment. Therefore, it’s very important to send the 
reasonable number of technicians in order to remain mobility 
of service stations and control both the cost and service 
quality at the same time. At the time of assigning tasks for 
stations and scheduling maintenance routs for technicians, we 
need to meet customer demand as well as reduce the total cost. 
Then we can get the optimal number for technicians and route 
of on-site maintenance so as to improve customer satisfaction 
and reduce the maintenance cost of service stations. 
4. Method for collaborative service decision-making 
This section introduces the mathematical model employed 
for collaborative service decision-making and the proposed 
algorithm PSO-GA. 
4.1. Model 
The assumptions in the models are based primarily on 
the current practice of a maintenance service. In collaborative 
service delivery environment, multiple service stations 
provide maintenance service to customers by sharing service 
resources and customer’s requirements. Although those 
service stations belong to the same manufacturer, profit 
allocation problem [19] is always complexity enough and 
requires significant amount of effort. This paper mainly 
discusses the collaborative service delivery problem so we 
ignore the profit allocation issue mentioned above temporarily. 
Moreover, striving for better availability, service stations 
usually locate in reasonable geographic locations. Besides, 
considering the existence of unexpected situations, we use the 
historical data to execute our experiments in order to ensure 
the creditability of results. To summarize, the assumptions 
underlying the models in this study include the following: 
(I). There are good relations and cooperation among 
the service stations. 
(II). Service stations are in proper geographical location 
and cover specified service area. 
(III). Service time for each customer is gotten from the 
statistical analysis of historical data. 
Consequently, the problem this paper study can be stated 
mathematically as follows:  
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In this mathematical model, Eq. 1 is the objective function 
which intends to minimize the total cost of mileage. Eq. 2 to 
Eq. 10 is constraint conditions. Eq. 2 defines that each 
technician can only belong to one service station. Eq.3 
ensures all of the customer can be served. Eq.4 represents 
each task can only be served once. Eqs.5 and 6 say that every 
technician travels from one maintenance service demand point 
to another and goes back to the start service station after 
completing all maintenance tasks. Eq.7 ensures that 
technician’s skill level should be higher than the service 
demand point’s required skill level he served. Eq.8 represents 
the distance of dispatched vehicles should be less than the 
single maximum mileage. Eq. 9 represents every technician 
arriving time should be earlier than the latest time that 
customer preferred. The last condition describes two different 
service delivery strategies. ௜ܻ௣௤  equals to 1 when a 
collaborative strategy is performed for task i belonging to 
station p be served by station q for iא ǡ ǡ  א  ,or else it 
will be 0. 
430   Rui Zhou et al. /  Procedia CIRP  30 ( 2015 )  427 – 432 
4.2. Hybrid PSO-GA algorithm 
In this study, we design a new hybrid method integrated by 
GA and PSO to solve the problem. This modification is 
inspired by analysing disadvantage of using PSO for solving 
the discrete problem such as the Travelling Salesman Problem. 
Discrete PSO, which is developed by Kennedy and Eberhart 
[20], proposed binary number to represent the solution of the 
discrete problem. However, the solution of TSP 
corresponding to the sequences of cities should be visited 
where each city can be represented by a discrete number. 
Therefore, this solution is more appropriate to be represented 
through a chromosome rather than using binary numbers [21]. 
To make sure this new solution satisfies the problem we 
consider, a new type of chromosome coding method is 
proposed. Besides that we design a multi- dimension function 
to evaluate the performances of the individuals in the particle 
swarm and to guide the search. Moreover, considering our 
problem we combine PSO and GA by using the idea of a 
particle’s update method and GA’s crossover and mutation 
mechanism. 
In order to distinguish different service routes, each 
maintenance demand point is represented by a natural 
number, and zero is taken to separate the routs, which can also 
be seen as a service station point. There can be one more 
distinct service station. The number between the two zero 
represents a service route, and two adjacent zero will be 
acting as one zero which will result in reducing the number of 
technicians and routes. To pursuit the most suitable solving 
method for our problem, we design a fitness function to 
evaluate the particle and guide the search for an optimal 
solution. 
According to the condition that each demand point has a 
pre-specified time window and both the technician arriving 
early or late will lead to a decrease for customer satisfaction, 
we add penalty cost part to objective function to make sure 
that customers will be served within a proper time window. 
Let C1 ൌ ͳσ σ σ ሾ୫୧୧אୡౡౣ ൅ ୫୧ ൅ ୧୨୩א୩ౣ୫א୑ െ ୫୨ ǡ Ͳሿ  
which represents the penalty cost when a technician arriving 
the demand point later than the start time of the time window. 
Also define C2=ʹσ σ σ ݉ܽݔሾ୫௝୧אୡౡౣ ൅ ୫௝୩א୩ౣ୫א୑ െ ୫୨ ǡ Ͳሿ 
to specify the penalty costs if a technician spends more time 
than expected. Consequently, the fitness function can be 
written as fitness=min (Z+C1+C2).  
After the evaluation of each particle by the fitness function, 
we do crossover and mutation operation on particles to renew 
the particle swarm. When do crossover and mutation for 
particles, we introduce a judge process that only those renew 
particles with better fitness value can be updated. This 
strategy can speed up the algorithm convergence and avoid 
the useless operation effectively. What’s more, to avoid 
appearing the same demand point after crossing and mutation 
operation, a new operation method is adopted. We add 
operations to ascertain whether there are duplicate non-zero 
numbers after the crossover and mutation. And we will 
remove the duplicate number and replace by numbers who 
didn’t appear.  
5. Experiment results and discussion 
In this section, hybrid PSO-GA is utilized to solve the 
collaborative service delivery problem in Chinese agricultural 
equipment manufacturing .We will describe the experimental 
set and algorithm preferences both in independent and 
collaborative strategic environment. Moreover, the results of 
those two service delivery strategy will be given and 
analysed. 
5.1. Data and experiment setup 
According to our problem and solving method, simulation 
study is conducted by Matrix Laboratory. There are two 
service stations A and B in our service delivery network with 
coordinates (26, 25) and (69, 74) respectively. Six technicians 
numbered as T1~T6 and each technician’s skill level matrix is 
[5 4 4 4 5 3].T1, T2, and T3 belong to service station A and 
the last three technicians belong to service station B. Both 
those two stations use the same kind of vehicles (v=40,ɘ ൌ Ͷ, 
and D=250). We set f1=50 and f2=100.The two parameters 
can be adapted according to the specific cases. Due to random 
characteristics of the service delivery in real world, 20 
coordinates of maintenance requirements are generated 
randomly and assigned to service station A and B with respect 
to geographical position. The process time of each customer is 
obtained from the empirical data according the fault type. 
Experimental data is shown in the following Table 1.There 
are customer number, demand point location, process time 
and time window for the corresponding customer .Required 
skill level and responsible level are also listed in the Table 1. 
 
Table 1. Experimental data 
Customer   Demand point  Process    Time                 Required Responsible 
                    location            time(h)     window              level         Station 
1 ˄25ˈ67˅ 0.8 ˄0.3ˈ3.9˅ 5 A 
2 ˄14ˈ18˅ 0.4 ˄1.5ˈ4.3˅ 1 A 
3 ˄31ˈ8˅ 0.3 ˄1.4ˈ3.1˅ 2 A 
4 ˄9ˈ3˅ 0.2 ˄0.1ˈ2.3˅ 3 A 
5 ˄27ˈ13˅ 0.2 ˄1.4ˈ3.9˅ 4 A 
6 ˄69ˈ10˅ 0.3 ˄0.4ˈ4.1˅ 2 A 
7 ˄89ˈ10˅ 0.7 ˄1.6ˈ2.2˅ 3 A 
8 ˄20ˈ71˅ 0.3 ˄1.5ˈ3.7˅ 1 A 
9 ˄71ˈ22˅ 0.7 ˄2.7ˈ4.5˅ 3 A 
10 ˄43ˈ30˅ 0.7 ˄0.9ˈ3.6˅ 4 A 
11 ˄83ˈ67˅ 0.1 ˄1.8ˈ2.2˅ 2 B 
12 ˄81ˈ31˅ 0.3 ˄0.8ˈ3.0˅ 3 B 
13 ˄81ˈ84˅ 0.4 ˄4.1ˈ4.4˅ 3 B 
14 ˄86ˈ70˅ 0.3 ˄1.4ˈ4.4˅ 2 B 
15 ˄60ˈ93˅ 0.3 ˄1.9ˈ4.4˅ 2 B 
16 ˄94ˈ20˅ 0.7 ˄2.7ˈ3.9˅ 4 B 
17 ˄97ˈ75˅ 0.2 ˄2.4ˈ3.8˅ 5 B 
18 ˄47ˈ85˅ 0.2 ˄3.0ˈ3.7˅ 2 B 
19 ˄98ˈ28˅ 0.5 ˄0.7ˈ3.7˅ 3 B 
20 ˄89ˈ77˅ 0.2 ˄0.2ˈ0.9˅ 3 B 
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After analysis of the problem this paper studied and many 
times of simulation experiments we set parameters of the 
algorithm as follows: the number of particle=50; iteration 
times=80. The position of crossover and mutation is generated 
randomly. And those strategies for improving the 
effectiveness of our proposed algorithm are implanted. We 
design two couples of experiments one considers the 
collaborative strategy and another is in the independent 
environment. Let ݕ௜௣௤ ൌ Ͳǡͳ respectively correspond to 
independent strategy and collaborative strategy. An overview 
of the results can be found in Table 2. 
Table 2. Result data 
Strategy Routes Technician 
Number 
Service 
station 
Cost 
 
 
Collaborative 
A-3-4-10-2-A T3 A  
 
1456 
B-7-6-16-13-B T4 B 
A-1-8-5-A T1 A 
B-11-15-B T6 B 
B-20-14-9-19-12-B 
B-18-17-B 
T2 
T5 
A 
B 
 
 
 
Independent 
A-7-5-6-9-A T2 A 1370 
A-1-8-10-A T1 A 
A-4-3-2-A T3 A 
B-19-17-13-B T5 B 1358 
B-14-11-18-B T6 B 
B-20-15-12-16-B T4 B 
 
5.2. Result analysis and discussion 
Table 2 shows the maintenance route, technician number 
and service station in two different service delivery strategies. 
The column labelled Cost gives the total cost for service 
delivery under the collaborative and independent strategies 
respectively. Take the second line as an example. It is in the 
collaborative occasion that B-7-6-16-13-B and T4 means 
those requirements are served by technician T4 and the 
maintenance begins at service station B to 7, 6, 16, 13 in 
sequence. T1 goes back to service station finally when all 
tasks are completed. Here requirements 7 and 6 belonging to 
the service station A are served collaboratively by technician 
T4 who is employed by service station B. By contrasting with 
those two strategies, the results indicate that the collaborative 
mode performances more beneficial than the independent one. 
The cost for service delivery in collaborative strategy is 
reduced by 46.7% compared to independent and all 
requirements are satisfied perfectly by suitable technicians. 
This indicates that the model and algorithm are effective as 
well as the collaborative mode are more beneficial for service 
delivery in PSS. 
5. Conclusions and future research 
The purpose of this research is looking for a decision-
making method for service delivery in PSS to minimize the 
total cost through the two parties’ collaboration. In this paper, 
a method for collaborative service decision-making problem 
that is motivated by a real-world problem found in China’s 
agricultural equipment manufacturing is discussed. In order to 
solve the problem, we looked for appropriate algorithms and 
eventually suggested a hybrid PSO-GA algorithm. Hybrid 
PSO-GA is fitting because it is able to solve this kind of 
discrete problems and can get the optimal solution with lots of 
constraints. Evidence has also been provided in many 
researches and we optimized it to solve our problem. The 
model built in this paper is strong and effective for the 
adaptive ability in different environments and excellent 
solutions of the problem. The case study in section 5 proved 
that this method is able to help companies make collaborative 
decisions to improve the performance of service delivery in 
PSS.  
The collaborative strategy and its modelling by exact 
methods have received little attention in the service delivery 
literature or in commercial practice, which usually assumes 
independent operations. The experimental result reveals that 
decision made on the basis of the collaborative strategy is 
more cost-effective than the independent strategy. In our 
opinion, this research will contribute to enhancing the 
maintainability and serviceability for equipment in PSS 
eventually. 
Further research is needed to provide a more profitable and 
stable approach for collaborative decision –making in the 
process of service delivery management. Since this study 
considers only certain demand, other factors, like dynamic 
requirements, unexpected situations, travel time and process 
time should be considered in order to fit the practical 
applications. Furthermore, in order to simplify the problem 
some assumptions are made to build the model. Therefore, we 
need to consider them (e.g. profit allocation) in our future 
work to make the method more reasonable and practical. 
What’s more, the description for skill of service technicians 
should be refined and the skill matching way could be 
improved. 
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